Abstract: The aim of the present work was to study the changes in the activity of disaccharidase enzymes (lactase. maltase, saccharase) in the small intestine of gnotobiotic pigs aged 0-35 days and inoculated with Enterococcus faecium. The continual decrease of lactase activity was observed from the 14 th day of age up to the end of the experiment. The most significant decrease of specific lactase activity in the duodenum (2.1 µmol/mg protein/hour) was noted from the 21 st to the 28 th day of age. On the other hand, the specific saccharase activity increased moderately during the post weaning period and maltase activity maintained a constant level.
Introduction
The most critical period in the life of animals is the period directly after birth, when distinctive growth, morphological changes and functional maturation of the gastrointestinal tract occur (Xu, 1996) . The activity of digestive enzymes is important for the digestion and absorption of forage macromolecules. It especially relates to neonatal piglets, which have very limited energy sources after birth. The development of secretional activity of digestive enzymes is influenced by age, but it can also be modified by composition of food intake, external environment and may be dependent on genetics and hormonal regulation (Westrőm et al., 1987; Xu et al., 1996; Pierzynowski et al., 1999; Pluske et al., 2001) . Probiotics as natural bioregulators assist the maintenance of the homeostasis of the gastrointestinal tract ecosystem and during critical periods of the life of animals they can play an important role in prevention of diarrhoeic diseases of dietetic and bacterial origin (Vandenbergh, 1993) .
Enterococci belong to those lactic-acid bacteria that are inhabitants of human and animal intestines (Devriese et al., 1991) . Strains with a probiotic character were also detected among enterococci (Audisio et al., 1999) .
In terms of exactitude and interpretability of results, gnotobiotic piglets are an ideal experimental model in the study of digestive processes development. The aim of this study was to investigate the impact of Enterococcus faecium on the development of disaccharidase enzymes activity in the small intestine of gnotobiotic piglets during milk nutrition and weaning.
Material and methods

Animals and nutrition
In the experiment 17 gnotobiotic pigs of large white breed were used. Gnotobiotic sucklings were obtained using the method of open hysterectomy on the 112 th day of pregnancy and reared in gnotobiotic isolators (BOMBA et al., 1993) . Sucklings were non-colostral, feeding ration contents autoclaved milk substitute (Sanolac Ferkel, Germany), diluted in the rate of 1:5 by distilled water (Table 1) .
Milk was administered individually from glass feedingbottles with a dummy ad libitum 6 times daily. From the first day of life a probiotic strain of Enterococcus faecium isolated from (Sanolac Ferkel, Germany) was applied in a dose of 2 mL of inoculum continually; 1 mL contained 1 × 10 4 CFU. From the 5 th day of life autoclaved water was available ad libitum with irradiation sterilized feeding ration for early weaning of piglets. At the age of 28 days the sucklings were weaned and fed by irradiation sterilized starter feedstuff ad libitum (Table 2 ).
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V. Buleca et al. Three hours after birth and at the age of 2, 7 and 14 days, 2 piglets of each indicated age were killed. Three piglets of each indicated age were killed at the age of 21, 28 and 35 days.
Sampling and chemical analysis
The intestinal segments (duodenum, jejunum and ileum) were rinsed thoroughly with ice-cold saline solution, opened lengthwise and blotted dry. The mucosa was scraped using a glass slide and immediately frozen in liquid nitrogen. Samples of mucosa were then stored at −70
• C until the analysis. The lactase (EC 3.2.1.23), maltase (EC 3.2.1.20) and saccharase (EC 3.2.1.26) activities were measured according to MIR et al. (1997) . Mucosa samples (200 mg) were homogenised for 3 min with 1 mL saline solution at 0
• C. The homogenate was transferred to a test tube together with 2.5 mL (2× aliquot) of saline solution. Three reaction tubes were filled with 100 µL of the homogenate and placed in a 37 • C water bath, then 400 µL of 56 mM lactose, maltose, saccharose in citrate buffer (pH 6.6, 0.01 mM) were added, respectively. After shaking and incubation for 30 min enzyme activity was stopped in boiling water. The reaction tubes were centrifuged at 2000 × g (30 min, 5
• C). The individual enzymes were determined using enzymatic UV method (Boehringer Mannheim, Germany). Protein content in homogenate was stated according to BRADFORD et al. (1976) and the results were expressed as µmol/mg protein/hour. To estimate the effect of age and weaning on a disaccharidase activity, the data were evaluated statistically by one-way analysis of variance (ANOVA) followed by a multiple comparison Tukey test.
Results and discussion
Whereas the intestinal lumen is the site of action of pancreatic enzymes, the effect of digestive enzymes present in enterocytes is localized on cell surfaces or the brush border (microvilli), or in the cell alone. In enterocytes two main groups of digestive enzymes are present: disaccharidases and peptidases (Alpers, 1987) . In the brush border of epithelial cells of the small intestine mucosa 6 different disaccharidases were identified: lactase, trehalase and 4 maltases: isomaltase, saccharase and maltase II and III (Kidder & Manners, 1980) . Sangild et al. (1991a) and Torp et al. (1993) stated that specific activities of lactase in homogenates or membrane vesicles of the small intestine brush border were high at birth and stayed at this level during the first 7-10 days of post-natal life. In suckling pigs, lactase activity was observed to undergo an initial marked decrease sometime during the second to fifth week of age which was followed by a period when it remained relatively constant or continued to decrease gradually up to 8 weeks of age (Kelly et al., 1991; Sangild et al., 1991a) . In terms of enzyme distribution throughout the intestine, neonatal and 1-day old piglets show the highest specific lactase activity in the proximal part of the small intestine and the lowest in the distal part, but at the age of 6-10 days its distribution throughout the intestine was more regular (Buddington & Malo, 1996) .
In our study we registered that linear trend analysis of lactase activity was similar in the duodenum and jejunum in the period of 0-35 th day. The specific activity of lactase (Fig. 1) in the duodenum of gnotobiotic sucklings reached at birth the level of 3.4 µmol/mg protein/hour. From the 2 nd day of life the increasing enzyme activity was noticed with a measured maximum on the 7 th day of life (6.55 ± 0.070 µmol/mg protein/hour, p < 0.001). High enzyme levels were observed until the 21 st day of life (5.80 ± 0.100 µmol/mg protein/hour), after which the enzyme activity decreased in the weeks 4 (3.6 ± 0.057 µmol/mg protein/hour, p < 0.001) and 5 (3.3 ± 0.100 µmol/mg protein/hour, p < 0.001) to levels similar to those noticed at birth. In terms of lactase activity distribution throughout the small intestine, higher activity in the duodenum and jejunum were noticed than in distal parts of the small intestine, where the incidence of enzyme was 4 times lower.
The post-natal dynamics of maltase (Fig. 2) and saccharase (Fig. 3) development took a completely different course. Very low levels of maltase in the jejunum (Fig. 2) detected at birth (0.3 ± 0.141 µmol/mg protein/hour) and during the 1 st week of life slightly increased in the following period and on the 14 th day reached 1.2 ± 0,142 µmol/mg protein/hour). A slight increase in maltase specific activity continued during the following period. From the 21 st to the 35 th day of life balanced values of this enzyme were recorded. Linear trend analysis of post-natal saccharase activity development followed the same course in all parts of the small intestine. Very low specific saccharase activity in the jejunum (Fig. 3) recorded until the 1 st week of life (1.12 ± 0.70 µmol/mg protein/hour) progressively increased with a maximum on the 21 st day of life (3.9 ± 0.100 µmol/mg protein/hour, p < 0.001); sustained values were reached in the 4 th and 5 th weeks of suckling life. Maltase distribution (Fig. 2) throughout the small intestine changed depending on the age with a predominant concentration of maltase activity in the jejunum at the age of 1-2 weeks, through a higher activity in the duodenal part at the age of 21 days, until a balanced distribution in the proximal and medial part of the small intestine was achieved at the age of 4-5 weeks. Saccharase activity distribution (Fig. 3) throughout the small intestine of sucklings and weanlings was higher in the jejunum during the entire period of observation.
Changes during weaning include villi shortening, crypt hyperplasia, decrease of absorption capacity and some definite lack of carbohydrase activity in combination with changes in the number and type of enterobacteria causing post-weaning diarrhoea (Hampson, 1986) . Villi height reduction and crypt hyperplasia in the post-weaning period in the small intestine are generally connected with a decrease of specific activity of lactase and saccharase (Pluske et al., 1995) . In our examinations a continual decrease of lactase was noticed beginning from the 14 th day of life (6.25 ± 0.212 µmol/mg protein/hour) and continuing to the end of the observation period, i.e. 35 days of life (3.3 ± 0.100 µmol/mg protein/hour). The most significant decrease of specific lactase activity in the duodenum was seen between the 21 st (5.8 ± 0.100 µmol/mg protein/hour) and 28 th day of life (3.67 ± 0.057 µmol/mg protein/hour) when the decrease of observed enzyme activity reached 2.1 µmol/mg protein/hour (p < 0.001). We established that this situation was related to progressively lower milk intake and corresponding increase in pre-starter intake.
In comparison, the enzyme activity of maltase and saccharase during the post-weaning period took a completely opposite course. Whereas specific saccharase activity during the post-weaning period showed a slightly progressive tendency, maltase activity reached balanced levels. Hall & Byrne (1989) observed the direct influence of diet change on the morphology and function of the small intestine of germ-free piglets after weaning. The mucus membrane was damaged due to giving the germ-free piglets a diet of pelleted foodstuffs. The height of villi, the depths of crypts and the activity of lactase and saccharase were reduced. The authors of that study presented the idea that a decrease in the intake of protein and energy could decrease the speed of crypt cell production with a corresponding reduction in carbohydrase activity.
The influence of microbial colonization on disaccharidase activity in gnotobiotic piglets was studied by Williams et al. (2004) . The authors found that the specific activity of lactase, maltase and saccharase in 13-day old germ-free piglets and piglets with an application of a probiotic strain of Lactobacillus fermentum, were similar but always higher in the proximal part of the small intestine. The lactase activity in the distal part of the small intestine was twice as high in both groups against the specific activity of maltase and saccharase.
In the study of post-natal activity of disaccharidase enzymes in the small intestine of conventional piglets Gancarčíková (2003) has observed the same course of enzyme activity of lactase, maltase and saccharase as noticed in our findings in gnotobiotic piglets, only the specific activities of particular enzymes were 0.2-1.9 µmol/mg protein/hour higher in conventional piglets.
Conclusion
Our results refer to the complexity of diet and microfloral impact on disaccharidase activity in the small intestine of gnotobiotic piglets, because the application of a probiotic strain Enterococcus faecium did not affect the specific activities of a particular disaccharidase.
